Many supply chain problems are involved with different parameters, which are under uncertainties. One of the primary concerns on supplier selection is to handle the uncertainty under different circumstances. The primary objective of this paper is to design a model to select suppliers and to determine the amount of purchase from any supplier in the supply chain system. For this purpose, we select the most important criteria using fuzzy questionnaires where the questionnaire uses experts' opinions in terms of linguistic values. Then, a hierarchy multiple criteria decision-making (MCDM) model based on fuzzy-sets theory is proposed to rank different suppliers and using a goal programming approach, we determine the amount of order product from each supplier. The implementation of the proposed model is demonstrated using a real-world case study.
Introduction
Supplier selection is one of the primary concerns on production planning and control (Khodadadzadeh & Sadjadi, 2013) . A good supplier could reduce product interruption, increase the quality of the final product and provide better customer satisfaction (Mohammadshahi, 2013) . According to Phil Crosby, quality specialist, a major portion of most firms' quality problems is due to weak selection of suppliers. During the old days, many production managers were looking for cheap contracts but during the past two decades, it is recommended to first make an assessment on different suppliers and choose only the ones with high quality characteristics. Many supplier selection problems are investigated under uncertainty. Chen et al. (2006) , for instance, presented a fuzzy decision-making technique to deal with the supplier selection problem in supply chain system. They used linguistic values to evaluate the ratings and weights for different factors involved with supplier selection. They expressed linguistic ratings in terms of trapezoidal or triangular fuzzy numbers and developed a hierarchy multiple criteria decision-making model based on fuzzy-sets theory to deal with the supplier selection problems in the supply chain system. Dey et al. (2012) presented a MOORA based fuzzy multi-criteria decision making approach for supply chain strategy. Parsaei et al. (2012) presented an order acceptance using FAHP and TOPSIS methods for a case study of Iranian vehicle belt production industry selection. Kumar et al. (2004) implemented a fuzzy goal programming approach for solving the vendor selection problem with multiple objectives while they faced with a problem where some of the parameters were fuzzy in nature. They formulated a vendor selection problem as a fuzzy mixed integer goal programming vendor selection problem, which included three primary goals: minimizing the net cost, minimizing the net rejections, and minimizing the net late deliveries subject to some constraints on buyer's demand, vendors' capacity, vendors' quota flexibility, purchase value of items, budget allocation to individual vendor, etc. Amid et al. (2006) presented a fuzzy multi-objective linear model to overcome the vagueness of the information. They used an asymmetric fuzzy-decision making technique in a fuzzy supplier selection problem to enable the decision-maker to assign various weights to various criteria. According to Pi and Low (2006) , the purchasing function directly influences the competitive ability of a firm. Purchasing managers must periodically make an assessment on supplier performance to keep those suppliers who meet their requirements. Pi and Low (2006) provided a method for quantifying the supplier's attributes to quality-loss using a Taguchi loss function, and these quality losses were transferred into a variable for decision-making by an analytical hierarchy process.
One of the areas that most companies are concentrated is to manage the sourcing and procurement. There are many criteria including cost, quality and technology when the focus is on the management of the sourcing and procurement. Since most producers spend a large percentage of revenues on services, purchase is a major area for potential cost savings. The purchasing and supply chain management influence on quality, significantly. A supplier can provide the product or service that fails to meet or exceeds customer's expectations, which may cause serious damages on a company.
According to Monczka et al. (2008) , purchasing cycle consists of the following steps: 1) identifies the need to purchase, 2) Evaluation of potential sources, 3) Select Supplier, 4) received and clearance requirements, 5) Evaluation of the continuous performance and supplier management.
New products need more time to evaluate potential sources and for selected items purchased from the suppliers, purchasing cycle, including identifying the need for purchasing, receiving material requirements, performance measurement and management is supplier. According to Gunasekaran et al. (2004) developed a framework to promote a better insight on the importance of supply chain management performance measurement and metrics. Korhonen and Siitari (2007) used lexicographic parametric programming to rank efficient units in the DEA model. They received the efficiency curve, which was traversing through the efficient frontier from unit to other unit and used the parameterization of the right-hand side vector of the cover problem. Lozano and Villa (2009) implemented AHP and lexicographic to specify a priori a set of preference levels.
Decision support system (DSS) has also been used for analyzing data and making appropriate decisions for supplier selection problem. Akçay et al. (2012) , for instance, developed a general DSS model to investigate the results of implementation of DEA models. They examined the proposed model for a real world project for benchmarking the vendors of a leading Turkish automotive company.
In this paper, we present a method to use fuzzy analytical hierarchy process to rank different suppliers based on the relative importance. The study then uses goal programming technique to find the optimum level of production by considering different objectives. The organization of this paper is as follows. We first present the proposed method in section 2. Section 3 presents details of the implementation of the proposed model on a real-world case study and finally, concluding remarks are given in the last part to summarize the contribution of the paper.
The proposed model

Analytic Hierarchy Process (AHP)
Analytical hierarchy process (AHP) is one of the multi-criteria decision making problem where we ask decision maker to give his/her judgment about the relative priority of one's alternative versus another one. Saaty (1994) originally developed the method and it is a popular and widely used method for multi criteria decision making, which allows the implementation of qualitative as well as quantitative criteria in evaluation of alternatives (Calabrese et al., 2013) .
Decision makers have to decompose the goal of the decision process into its constituent parts, progressing, from the general to the specific perspective. In its simplest form, this structure must incorporate goals, criteria and alternative levels, ordered into a hierarchy. Each criterion further is split down into an appropriate level of detail. Once the hierarchy is structured, decision makers judge the importance of each criterion in pair-wise comparisons, structured in matrices. The judgment is performed from the perspective of the direct upper level criterion. AHP technique performs an assessment based on experts' feedback and converts a complex decision into simple hierarchical system. The evaluation method is based on considering the relative importance of each criterion compared with other one. Zeydan et al. (2011) proposed new method for selecting supplier selection and evaluation quality. They used FAHP to fine criteria weights and then fuzzy TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) to utilize in finding the ranking of suppliers. So, qualitative variables were transformed into a quantitative variable for using in DEA methodology as an output called quality management system audit. Zadeh (1996) introduced the idea of fuzzy set theory and addressed the problems of tackling the vagueness in information and the fuzziness in human perception. This concept emphasizes on approximate values rather than fixed and exact ones and various applications were generated by using fuzzy logic in recent years. In a universe of discourse X, a fuzzy subset Ã of X is defined with a membership function µ Ã(x) that maps each element x in X to a real number in the interval [0, 1] . A triangular fuzzy number (TFN) is shown in Fig. 4 . 
Fuzzy set theory
The concept of combining the fuzzy set theory and MCDM is stated as fuzzy MCDM. In fuzzy MCDM, performance rating of alternatives and weights of criteria are described in terms of linguistic terms. Linguistic variables are then transformed into either triangular, trapezoidal fuzzy numbers or range of fuzzy numbers.
Gold Programming (GP)
Goal programming is a multi-objective decision making (MODM) technique, which was first employed by Charnes and Cooper (1975) . It can be thought as an extension of linear programming to solve problems containing multiple and usually conflicting objects. In gold programming model, we face with techniques of priority scheduling objective and techniques of utility function. In this method, we have two kinds of system limitations and ideal constraints. Goal programming model can be of the following form:
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A hybrid method
The proposed model of this paper uses the art of fuzzy programming to rank different criteria in terms of linguistic terms and applies the weights for a mathematical problem formulated in GP by considering some real-world circumstances.
Case study
In this section, we present the implementation of the proposed study using a real-world case study in home appliance makers named Haier Asa Co. located in Iran. The firm is the largest industrial companies in the Middle East in the production of refrigerators and freezers. Company provides its necessary materials from four suppliers located outside the country. The proposed study of this paper uses a questionnaire to collect experts' insights in terms of various criteria. The population used in the preparation of the questionnaire covers all employees of the Haier Asa Company from different departments including quality control unit, R&D, production and inventory planning, logistics and production.
List of criteria for supplier selection
We have performed a comprehensive survey and detected 28 major criteria, which could influence supplier selection. Table 1 demonstrates details of all these criteria. The proposed study of this paper uses fuzzy numbers for ranking different criteria. The proposed model of this paper uses trapezoid and triangular numbers specified in Table 2 as follow, We have categorized the products into four categories of strategic, lever, bottleneck and routine products and Table 3 demonstrates different criteria associated with each criterion. The proposed model of this paper concentrates on compressor used in refrigerator as well as freezers and this part is considered as strategic product. Therefore, we only consider strategic product, which include five criteria represented in Table 3 and these criteria are ranked using fuzzy AHP and the results are summarized in Table 4 as follows, 
Production planning based on goal programming
Now that we know the relative importance of each four suppliers in terms of various criteria, we consider some practical limitations on each supplier and propose a goal programming technique to rank them, accordingly. Let i x be the amount of products ordered from i th supplier, i=1, 2, 3, 4.
Therefore, the first constraint is as follows, 4 1 100, 000
There are also some limitations on each supplier for ordering products, which are summarized as follows, 2 50, 000 x  (4) Based on the feedback received from experts, there is a limit of 65% for each supplier. Therefore we have, 65, 000 1, 2, 3, 4
The goal constraint associated with price criterion is as follows, 1 2 3 4 1 1
1.15 1.02 1.08 0.95 100, 000
The other goal constraint is related to quality and it is specified as follows, 
We have determined that the maximum delivery time is three days and it is specified as follows, 1 2 3 4 3 3 2.2 4 3.3 4.7 3(100, 000) 
Now, we can solve the GP problem using the model stated in Eq. (2). The model can be solved by any linear programming package, very easily. The results indicate that the firm could reach its objectives of quality, delivery and supply rate of growth, completely. However, the firm could not reach its long-term relationship as well as price and there were deviation from these two goals of 6188 and 9770, respectively.
Conclusion
Supply chain management plays an important role on producing better quality products. It can help increase productivity of the firms by reducing male function parts, delays, product interruption, etc.
In this paper, we have presented an empirical investigation for supplier selection. The proposed study has chosen fuzzy numbers to compare different criteria based on fuzzy AHP. The proposed study of this paper has used the resulted weights for a goal programming model to find the desirable order product. As a case study, we have applied the proposed model of this paper on a real-world case study where the firm was planning to find optimum number of supplier of supplier for a strategic product as well as the order size from each supplier. The results of our application have revealed that the proposed model could help resolve uncertainty on supply chain management and it could help us find better suppliers for production planning.
